Background: Popliteal cysts are common and present as asymptomatic lumps in the medial popliteal fossa. Some have complex internal characteristics such as septa and loose-bodies. However, not all are popliteal cysts and can be aggressive. These lesions need to be differentiated by the absence of the communicating neck with the joint on ultrasound. Presence of Doppler flow of non-communicating cysts requires further evaluation on MRI, prior to performing a biopsy. Using a case series, we propose an algorithmic approach that is simple and will help identify the malignant lesions and institute appropriate management. Case-Presentation: Popliteal Cyst: On ultrasound: characteristic neck communicating with knee joint. Synovial Sarcoma: Gadolinium enhancement, with areas of low-, iso-and hyper-intense signal to fat on T2. Synovial-Osteochondromatosis: Non-mineralized: T1-low/intermediate intensity; T2-high intensity. Mineralized type: low intensity on T1 & T2. Thrombosed Popliteal Aneurysm: Lamellated appearance-high/low signal intensity on T2. MyxoidLiposarcomas: Inhomogeneous appearance; homogenous with gadolinium. Usually require a biopsy for diagnosis. Conclusion: The cystic lesions in the medial aspect of the popliteal fossa can be misdiagnosed. Our article reiterates the importance of the communicating neck that separates popliteal cysts from other mimics. We have proposed an algorithm to identify these mimics.
Background
A popliteal cyst is an abnormal fluid filling of the semimembranosus-gastrocnemius bursa [1] . In adults, popliteal cysts are often associated with knee joint pathology and have a communicating neck between the bursa and the synovial fluid of the knee [2] [3] . A 5% -18% general prevalence rate on MRI and a 40% -42% prevalence rate by ultrasound is reported in literature on ultrasound for deep venous thrombosis of the lower extremity [2] .
The communicating neck of the popliteal cyst is along the line of least resistance-between heads of medial gastrocnemius and semimembranosus and is the chief identifying feature of a popliteal cyst. This is usually well delineated by Ultrasound. Once identified, no further imaging would be necessary. The popliteal cysts lack Doppler flow unless they are infected or are inflammatory. However, the presence of Doppler flow also raises the possibility of a potentially aggressive lesion and an MRI would be deemed necessary. If there is gadolinium enhancement, the patient would undergo a biopsy to exclude an aggressive lesion.
The differential diagnosis of posterior knee lesions is broad and includes cystic lesions (other bursae, meniscal cysts, ganglion cysts and popliteal cysts). Unlike other cysts, the popliteal cysts have a communicating neck with the joint, which is a chief differentiating feature (on ultrasound and MRI) not seen with other lesions mimicking popliteal cysts, including: solid tumors (liposarcoma, synovial sarcoma, synovial osteochondromatosis), or vascular abnormalities (popliteal artery and vein thrombosis) [4] [5] .
In this article, we review the chief US and MR characteristics of popliteal cysts and some biopsy proven cases of mimics of popliteal cysts in each of the broad categories of cystic tumors, vascular lesions and synovial based cystic lesions. We propose an algorithm to separate the potentially aggressive lesions utilizing MRI. A timely biopsy of such lesions will facilitate early management, especially lesions such as synovial sarcomas that are asymptomatic early in the course of the disease. Such an algorithmic approach will prevent misdiagnosis and delay in appropriate treatment of the aggressive lesions. Such an algorithm in a flow chart format, Figure 1 , has not been described, to the best of our knowledge in the literature. 
Popliteal Cyst
Most popliteal cysts are asymptomatic and are discovered incidentally, usually in adults between 35 -70 and their incidence on MRI ranges from 47% -19% [6] . Common signs and symptoms are posterior knee pain, knee stiffness, and swelling behind the knee. Complications, although rare, are due to enlargement or rupture. Enlarged cysts may present with erythema, or cause compressive symptoms such as distal edema, nerve entrapment, or a compartment like syndrome. Ruptured cysts can resemble deep vein thrombosis with tenderness and erythema of the calf. Treatment of symptomatic cysts can be accomplished with image guided aspiration and intraarticular injection of glucocorticoids, which benefits two-thirds of patients [3] .
Due its superficial location, popliteal cysts are readily demonstrated on ultrasound. They are visualized sonographically as typically fluid filled, anechoic structures with a communicating neck between the medial gastrocnemius and semimembranosus tendons. Popliteal cysts may show complex features such as cartilagenous or osseous intra-articular loose bodies, Figure 2 , and they may be multi-lobulated, demonstrate synovial proliferation, or contain hemorrhage [6] [7] . Doppler flow may indicate inflammation or infection or is suggestive of another diagnosis. On MRI, popliteal cysts show fluid signal intensity on all sequences unless infection or hemorrhage is present, in which case increased signal intensity will be seen on T1 images. Rupture or leakage will show as high signal edema on fat suppressed T2 images [4] . Osseous or cartilagenous loose bodies will also be visualized on MRI.
Synovial Sarcoma
Synovial sarcoma accounts for approximately 10% of soft tissue sarcomas. Men and women are affected equally and the mean age of presentation is 32. They occur most often in the extremities, with 70% of all cases occurring in the lower limbs. These masses are generally slow growing and patients seek medical attention, a mean of 2.5 years after initiation of symptoms. Synovial sarcoma is thought to originate from primitive mesenchymal cells that after differentiation resemble synovial cells. Synovial sarcomas do not commonly arise in intra-articular locations but rather near them. They have a 50% recurrence rate within two years and they metastasize mainly to the lung [8] . On MRI, lesions are typically found to be greater than 5 cm, near a joint, and adjacent to bone. T2 weighted images, Figure 3 , often display areas that are low, iso-, and hyper-intense to fat ("triple sign") [9] . Smaller lesions may be found more peripherally, have smoother contours, have uniform signal characteristics, and lack local invasion. 
Synovial Osteo Chondromatosis
Synovial osteochondromatosis is a disorder of the synovial lining characterized by cartilage hyperplasia and synovial neoplasia resulting in the formation of cartilaginous nodules or chondromas. Most of these eventually calcify to become osteochondromas and a small percentage will undergo ossification. Nodules are released into the joint space forming loose bodies, which can cause mechanical joint pain, joint locking, and joint effusions. Synovial osteochondromatosis has an incidence of 1 in 10,000, is mono-articular in 95% of cases and 50% of cases involve the knee. On MRI, three appearances have been described: type A, which contain non-mineralized lesions; type B, which contain mineralized lesions; and type C, which contain adipose tissue [10] . The non-mineralized (chondroma) type is found in 16% of cases and displays low/intermediate intensity on T1 and high signal intensity on T2 and may be difficult to distinguish from synovial fluid or mass. In this case, contrast can be helpful as these lesions typically show rim enhancement as they have a vascular supply from the synovium [11] . The mineralized type accounts for 75% of cases and is of low signal intensity on T1 and T2 sequences, Figure 4 . Nodules in type C are isointense to fat and show high signal on T1 and intermediate signal on T2.
Thrombosed Popliteal Artery Aneurysm
Popliteal artery is associated with large vessel aneurysms. Fifty percent are bilateral and thirty-five percent of patients are asymptomatic at diagnosis. Symptoms, when they occur, are due to thrombosis, rupture, or local compressive symptoms. Thrombosis can cause claudication or acute limb ischemia. Compressive symptoms include localized pain or a sense of fullness behind the knee [12] . Rupture that causes severe pain occurs in less than 5% of cases [13] . Excision is indicated when patients present with acute limb ischemia or with patent popliteal aneurysms greater than 2 cm. On MRI, the classic feature is a lamellated appearance consisting of high and low signal intensity due to multilayered mural thrombus. The presence of pulsation artifact can also be useful [5] [14] . Figure 5 and Figure 6 show axial T2 and T2 fat saturated axial images demonstrate the lack of communicating neck with the joint as seen with a Baker's cyst. The lesion lies in the region of the popliteal artery. 
Myxoid Liposarcoma
Liposarcoma is the second most common soft tissue sarcoma in adults, presenting typically between the age of 40 and 60, and commonly arising in deep muscle masses. Around 40% of these tumours occur in the lower extremity [15] . Morphologically liposarcomas can be classified as well differentiated, myxoid/round, and pleomorphic. Myxoid tumours comprise 50% of liposarcomas and have intermediate malignant potential and local recurrence is common without full excision. The most common presentation is a painless enlarging mass. On MR imaging, Figure 7 , they typically have an inhomogeneous appearance, may appear cystic, and they typically have a fat content of less than 25%, making them potentially difficult to distinguish from popliteal cysts.
Conclusions
Ultrasound is capable of defining solid and cystic lesions. Often, solid lesions such as myxoid liposarcoma and synovial sarcoma appear as complex cysts on ultrasound and may be mistaken for a popliteal cyst when they occur in the medial aspect of the popliteal fossa. The presence of Doppler flow ultrasound necessitates further investigation with MRI to identify potentially aggressive lesions. The presence of a communicating neck is reassuring for a popliteal cyst. However, if this neck is not identified, it would be prudent to further assess with a post-gadolinium MRI and identify the potential aggressive lesion. A previous study evaluating the accuracy of ultrasound in popliteal cysts found that the two lesions identified on MRI that were not popliteal cysts, were initially misdiagnosed as popliteal cysts [6] . The authors found that neither lesion would have been misdiagnosed if a communicating neck was demonstrated on ultrasound. The presence of Doppler flow necessitates further investigation with MRI to identify potentially aggressive lesions, though inflammatory or infectious changes of popliteal cysts can increase the Doppler flow. Popliteal cysts can show complex features when they contain intra-articular loose bodies, however this may also be seen with synovial osteochondromatosis. Thus while ultrasound may be sensitive and specific in the diagnosis of popliteal cysts, it may not be so for the more unusual lesions presented here. We propose that those cysts on ultrasound that do not demonstrate a communicating neck, have Doppler flow, or have a complex cystic structure without the identifiable communication neck be further analyzed with post gadolinium MRI. Either of the three mentioned features or a combination of the three features would be an indication for MRI. If the non-contrast axial MRI depicts the communicating neck irrespective whether the cyst is simple or complex, a diagnosis of a popliteal cyst is made. Absence of the neck with complex features on the unenhanced MRI warrants gadolinium administration whether or not Doppler flow is identified on ultrasound. Furthermore we recommend that those lesions that do not demonstrate a communicating neck but enhance on gadolinium be biopsied.
